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908 selectively positioned. Each magnetic material section 
904, 906 and 908 is encased around portions of the con- 
ducting member 902 wherein current flows in the same 
direction. Although, FIG. 7 only shows the conducting 
member as being formed in two turns, it will be understood 5 
that more than two turns could be formed depending on the 
amount of inductance desired and that the present invention 
is not limited to two turns. In another embodiment of a spiral 
rectangular inductor 1000, sections of magnetic material 
1004, 1006 and 1008 are further partitioned into smaller 
sections. This is illustrated in FIG. 8. By further sectioning 
the magnetic material 1004, 1006 and 1008 eddy currents 
are further reduced. As illustrated in FIG. 8, the conductors 
1002 provide substantially parallel current paths in which 
current (i) flows in substantially uniform directions where 
the conductors are encased by the sections of magnetic 15 
material 1004, 1006 and 1008. 

Referring to FIG. 9, a square spiral inductor 1100 of one 
embodiment of the present invention is disclosed. This 
embodiment includes a conducting member 1102 having 
two turns and four sections of magnetic material 1104, 1106, 20 
1108 and 1110 encasing relatively parallel sections of the 
conducting member 1102. Although not shown, the sections 
of magnetic material 1104, 1106, 1108 and 1110 can each be 
further sectioned to further reduce the eddy currents, similar 
to what was illustrated in FIG. 8. Moreover, the number of 2 5 
turns can vary to achieve a desired inductance. 

The embodiments of the present invention can also be 
applied to other shapes. For example, a circular embodiment 
of a spiral inductor 1200 is illustrated in FIG. 10. In this 
embodiment, pie shaped sections of magnetic material 1204 30 
selectively encase conductive member 1202. As with the 
other embodiments of the present inventions, in this embodi- 
ment each section of magnetic material 1204 encases a 
section of the conductive member 1202 wherein current is 
flowing in a substantially uniform direction. Another 
example of an embodiment of an inductor 1300 is an 35 
octagon shape as illustrated in FIG. 11. In this embodiment, 
pie shaped sections of magnetic material 1304 selectively 
encase sections of conductive member 1302. 

Moreover, the present invention can be applied to other 
shapes including generally regular polygonal shapes such as 40 
square, octagonal, hexagonal and circular. In addition, 
embodiments of the present invention can be applied to 
arbitrary shapes. For example, referring to FIG. 12, yet 
another embodiment of an inductor 1400 of the present 
invention is illustrated. In this embodiment, sections of 45 
magnetic material 1404 are selectively positioned to encase 
sections of conducting member 1402 that are positioned in 
an arbitrary shape. As with the previous embodiments of the 
present invention, each magnetic material section 1404 is 
selectively placed so it encases sections of the conducting 50 
member 1400 wherein current in the conducting member 
1402 travels in a substantially uniform direction. Moreover, 
as with the previous embodiments, edges of each section of 
the magnetic material in which the conducting member 1402 
enters and exits are generally perpendicular to a path of the 55 
conducting member 1402. 

In forming embodiments of the present invention, layers 
of magnetic material are first deposited and then patterned to 
encase selected portions of the conducting members. In each 
of the embodiments of an inductor in a spiral formation, a 60 
central opening in the layers of magnetic material is formed. 
This is illustrated in FIGS. 6-12. For example, the conduct- 
ing member 1402 of FIG. 12 encircles the central opening 
1406. This design allows each section of magnetic material 
1404 to encase only a portion of the conducting member 65 
1402 in which current is flowing in relatively the same 
direction. 
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The embodiments of the present invention as illustrated in 
FIGS. 1-12 can employ different types of magnetic material. 
For example, embodiments of the present invention use soft 
magnetic materials such as FeNi, FeSiAI and CoNbZr. 
However, inductors with relatively high ferromagnetic fre- 
quency can be achieved in the embodiments of the present 
invention using magnetic thin films having nano particles 
that form high resisitivity. Examples of magnetic thin films 
with high resistivity are FeBN, FeBO, FeBC, FeCoBF, 
FeSiO, FeHfO, FeCoSiBO, FeSmO, FeAlBO, FeSmBO, 
FeCoSmO, FeZrO, FeNdO, FeYO, FeMgO, CoFeHfO, 
CoFeSiN, CoAlO, CoAlPdO, CoFeAlO, CoYO, FeAlO and 
CoFeBSiO. Atypical magnetic film thickness for the present 
invention is around 0.1 to 1.5 micrometers and a typical 
insulator thickness is about 1 micrometer. As stated above, 
some embodiments of the present invention use a combina- 
tion of layers of different magnetic material to form a 
finished magnetic layer having desired properties. 

In addition, embodiments of the present invention use 
nano particles of Fe that are introduced into a matrix of 
A1 2 0 3 to form the magnetic material. The nano particles 
create higher resistivity which helps to reduce eddy currents. 
Moreover, with the use of the FeAlO, experiments have 
shown a ferromagnetic resonance frequency of approxi- 
mately 9.5 GHz for a thin film thickness (the thickness of the 
magnetic material) of about 0.15 micometers can be 
achieved. In addition, the total length of the spiral embodi- 
ments is approximately 1 mm. The ferromagnetic resonance 
frequency of this embodiment as well as the physical length 
of this embodiment is within the range desired for wireless 
communication applications. 

Although specific embodiments have been illustrated and 
described herein, it will be appreciated by those of ordinary 
skill in the art that any arrangement, which is calculated to 
achieve the same purpose, may be substituted for the specific 
embodiment shown. This application is intended to cover 
any adaptations or variations of the present invention. 
Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 

What is claimed is: 

1. A magnetic thin film inductor comprising: 

a plurality of elongated conducting regions positioned 
parallel with each other and at a selected spaced 
distance apart from each other; and 

magnetic material encasing the plurality of conducting 
regions, wherein when currents are applied to the 
conducting regions, current paths in each of the con- 
ducting regions cause the currents to generally flow in 
the same direction to enhance mutual inductance. 

2. The magnetic thin film inductor of claim 1, wherein the 
magnetic material further has cutout sections to reduce eddy 
currents. 

3. The magnetic thin film inductor of claim 1, further 
comprising: 

an insulating layer for each conducting region, the insu- 
lating layer is positioned between an associated con- 
ducting region and the magnetic material. 

4. The magnetic thin film inductor of claim 1, wherein the 
magnetic material is made from layers of different magnetic 
material. 

5. The magnetic thin film inductor of claim 1, wherein the 
magnetic material is made from the group consisting of, 
FeAlO, FeBN, FeBO, FeBC, FeCoBF, FeSiO, FeHfO, 
FeCoSiBO, FeSmO, FeAlBO, FeSmBO, FeCoSmBO, 
FeZrO, FeNdO, FeYO, FeMgO, CoFeHfO, CoFeSiN, 
CoAlO, CoAlPdO, CoFeAlO, CoYO and CoFeBSiO. 
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What is claimed is: 

1 . A magnetic thin film inductor comprising: 

a plurality of elongated conducting regions positioned parallel with each other 
and at a selected spaced distance apart from each other; and 

magnetic material encasing the plurality of conducting regions, wherein when 
currents are applied to the conducting regions, current paths in each of the conducting 
regions cause the currents to generally flow in the same direction to enhance mutual 
inductance. 

2. The magnetic thin film inductor of claim 1, wherein the magnetic material 
further has cutout sections to reduce eddy currents. 

3. The magnetic thin film inductor of claim 1, further comprising: 

an insulating layer for each conducting region, the insulating layer is positioned 
between an associated conducting region and the magnetic material. 

4. The magnetic thin film inductor of claim 1, wherein the magnetic material is 
made from layers of different magnetic material. 

5. The magnetic thin film inductor of claim 1, wherein the magnetic material is 
made from the group consisting of, FeAlO, FeBN, FeBO, FeBC, FeCoBF, FeSiO, 
FeHfO, FeCoSiBO, FeSmO, FeAlBO, FeSmBO, FeCoSmO, FeZrO, FeNdO, FeYO, 
FeMgO, CoFeHfO, CoFeSiN, CoAlO, CoAlPdO, CoFeAlO, CoYO and CoFeBSiO. 

6. The magnetic thin film inductor of claim 5, wherein the thickness of the 
magnetic material is in a range of about 0.1 to 1.5 micrometers. 
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7. A magnetic film inductor comprising: 

two or more conductive member positioned parallel to each other; 

magnetic material encasing the two or more conductive members along at least 
one relatively straight path of the two or more conductive members, wherein current 
flowing through the two or more conductive members in the same direction enhance 
mutual inductance of the magnetic film inductor. 

8. The magnetic film of claim 7, wherein the magnetic material along at least one 
relatively straight path has at least one cutout section to prevent eddy currents. 

9. The magnetic film of claim 7, further comprising: 

an insulating layer formed between each conducting member and the magnetic 
material. 

10. The magnetic film of claim 7, wherein the magnetic material is made from the 
group consisting of, FeAlO, FeBN, FeBO, FeBC, FeCoBF, FeSiO, FeHfO, FeCoSiBO, 
FeSmO, FeAlBO, FeSmBO, FeCoSmO, FeZrO, FeNdO, FeYO, FeMgO, CoFeHfO, 
CoFeSiN, CoAlO, CoAlPdO, CoFeAlO, CoYO and CoFeBSiO. 

1 1 . The magnetic thin film inductor of claim 10, wherein the thickness of the 
magnetic material is in a range of about 0.1 to 1.5 micrometers. 
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